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@ N-substltuted aporphines, a method of inducing emesis and a method of controlling psychosis utilising the same, 
(g) N-substituted aporphines of the formula 
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wherein Ri is lower alkyl, substituted lower alkyL cycloalkyl, 
substituted cycloalkyl. lower alkenyl. substituted lower 
alkenyl. loweralkynyl, substituted lower alkynyl. phenyl lower 
alkyl. phenyl lower alkenyl and phenyl lower alkynyl, R2 is 
hydrogen or 

-C-Ra 
II 
O 

wherein R3 is lower alkyl and is hydrogen or R2O and the 
acid addition salts thereof with the proviso that when R- is 
hydrogen R, is 2-chloroetbyl. Representative compounds of 
this invention are potent emetics and dopamine antagonists. 
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N-STOSTITUTED APORPHIKES, A METHOD OF INDUCING 
EMESIS AND A I^ETHOD OF CONTROLLING PSYCHOSIS 

' UTILISING THE SAME 

This invention relates to novel N-substituted trihydroxy- 
noraporphines and their esters, along vith their acid addition 
salts, having the formula 




wherein Ri is lower alkyl, substituted lower alkyl, "cycloalkyl, 

substituted cycloalkyl, lower alkenyl, substituted lower 

alkenyl, lower alkynyl, substituted lower alkynyl, phenyl 

lower alkyl, phenyl lower alkenyl and phenyl lower alkynyl 

R2 is hydrogen or wherein R3 is lower alkyl and R4 

O 

is hydrogen or R2O and the acid addition salts thereof, with 
the proviso that when R4 is hydrogen Rj is 2-chloroethyl . 

Many of the aporphines of this invention exhibit high 
emetic efficacy at minute dosage levels with no apparent 
evidence of cardiovascular, central nervous system or res- 
piratory toxicity. 
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Althoush emetic drugs that induce vomiting heve been used 
for centuries in the management of patients who have orally 
ingested poisons, they could have applications other than the 
removal of such poisons provided they possessed properties not 
now generally associated with the presently used emetxcs. 
For example, it may be necessary for a patient who must undergo 

emergency surgery to have his stomach ^H^.. 
safely before receiving anesthesia. A nontoxic, rapid-actxng. 
emetic could be used for this purpose. Moreover, if an e^et.c 
can be administered through inhalation, it may be used in 
place of tear gas and the like to effect control over violent 
subjects, such extensions of the use of emetics reguxre that 
the drug being used is safe, effective at small dosage levels 
and capable of being administered by routes other than direct 
oral ingestion or intraveneous injections. , - 

The emetics being currently used are generally either 
ipecac given orally or apomorphihe administered by ^"-^^'^H 
injection. Xpecac is. on the average, -"-^^^ f ""' 

five out of six cases and achieves emesis only after about 
15 minutes after talcing it. This long reaction time may result 
in the patient's vomiting after reaching a comatose state. 
Apomorphine is unstable in solution so that no commercial 
solution is available. Moreover, in addition to re<riiring 
that the solution be made up just prior to injection, apomor- 
phine may cause a depression in the patienfs f^f^^H^ 
Lich can be serious if the poison to be removed is a sedative 

^"^'m addition to apomorphine, N-substituted-norapomorpbines 

of the formula 
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wherein R is lower-alkyl from two to four carbon atoms, 
2-chlorobutyl, cyclopropylr cyclopropylmethyl or 2-phenyl- 
ethyl, have been proposed as emetics. (See United States 
Patents 3,717,639 and 3,717,643). However, these norapomor- 
phines are not presently used for this purpose. 

Neuroleptic drugs such as phenothiazines, thioxanthenes 
and butyrophenones , are used in the treatment of psychoses 
to counteract hallucinations and delusions, and to alleviate 
psychomotor excitement and assaultiveness. In this role, these 
drugs reduce dopaminergic activity to the central ner^/ous sys- 
tem by blocking the dopamine receptors, thus preventing the 
activation. of adenylate cyclase identified as the agent respon- 
sible for the conversion of adenosine triphosphate (ATP) to . 
cyclic adenosine monophosphate (cyclic AMP), a nucleotide. 
The generation of cyclic AMP within a brain cell is believed 
to stimulate the cell. In treating psychoses, e.g., schizo- 
phrenia, it has been found that drugs that act as antagonists 



of the dopamine receptor are effective, indicating that schizo- 
phrenia results from an overactivity of dopamine-containing 
nevirons in certain areas of the brain. Thus by controlling 
such dopamine-containing neurons it is possible to control 
psychoses . 

A nianber of different neuroleptics are currently prescribed, 
Typical of the phenothiazines is chlorpromazine hydrochloride 



CI 



I 

(CH ) N(CH3)2.HC1 
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Although this drug is an effective neuroleptic, it must be 
given as often as three times daily at relatively large dose 
levels (200 to 800 mg/day) ; and it has such side effects as 
sedation, extrapyramidal activity, and the inducing of hypoten 
sion. 

Chlorprothixene having the formula 




is representative of the thioxanthenes , Like chlorpromazine, 
it must be given often at a dosage level of from 50 to 400 gms/ 
day and has essentially the same side effects. 

The butyrophenones, represented by haloperidol having 
the formula. 



OH 




have high neuroleptic potency. Haloperidol produces a high 
incidence of extrapyramidal reactions; but it has less seda- 
tive effect, less prominent antoncmic effects and less hypo- 
tensive effect than the phenothiazines. Dosage levels for 
the butyrophenones range from 2 to 6 mg/day . 
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As will be seen, these three classes of compounds now in 
use as neuroleptics are chtemically distinguishable from the 
N-substituted haloalkyl norapomorphines of this invention; and 
therefore it is not apparent that compounds .having a structure 
totally different from the known neuroleptics could be effective 
in that role. Moreover, apomorphine and its hpmolog N-propyl- 
norapomorphine are known as drugs which act by .directly stimu- 
lating the dopamine receptors. (See G. C. Cotzias, P. S. Papa- 
vasieron, E. S- Tolosa, J. S. Mendez and M. Bell-Miduron, 
N. Eng. j. Med . 29£:567 (1976).) Thus, whereas apomorphine and 
N-propylnoraportorphine are recognized as dopamine receptor agon- 
ists, the N-substituted haloalkyl norapomorphines of this inven- 
tion are dopamine receptor antagonists. 

As will be described " below in detail, the ccmpounds of 
this invention are believed to provide dopaminergic activity 
through binding with the dopamine receptors, thus providing 
a mechanism different from that exhibited by the currently 
administered neuroleptic drugs which are blocking agents, and 
offering advantages over them. 

It is therefore an object of this invention to provide 
a novel class of N-substituted hydroxyanomorphineR , their 
esters and acid addition salts some of which exhibit greater 
emetic efficacy than the emetics now available- It is another 
object of this invention to provide emetic compounds of the 
character described which may be administered by one of several 
routes including orally, by injection, sublingually , topically 
or by inhalation. 

Another object of this invention is to provide a 
method for inducing emesis in those mammals capable of under- 
going it. 

It is a further object of this invention to provide 
'a liovei class of N-substituted haloalkyl noraporphines . 

Another object is to. provide compounds of the character described 
which .exhibit greater, dopaminergic activity than the neuroleptic 
drugs presently in use. A further object of this invention is 
to provide such neuroleptic drugs which are longer-acting and 
hence require administering less frequently than such drugs as 
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chlorpromazine, chlorprothixene or haloperidol. Yet another 
object is to provide a dopaminergically active compound which 
inactivates dopamine receptors by binding, to them rather than 
by blocking them. 

Another primary object of this invention is to provide a 
method for controlling psychoses. A further object is to pro- 
vide a method of the character described which provides such 
control over a time period greater than now possible with the 
neuroleptic drugs presently in use. 

Other objects of the invention will in part be obvious 
and will in part be apparent hereinafter- 

The invention accordingly comprises the several steps 
and the relation of one or more such steps with respect to 
each of the others and thie compounds possessing the charac- 
teristics, properties and the relation of components; which 
will be exemplified in the compounds hereinafter described, 
and the scope of the invention will be indicated in the claims - 

Accordingly to one aspect of this invention there is pro- 
vided a compound having the formula 



R2b 




N^l 



wherein is lower alkyl, substituted lower alkyl^ cycloalkyl , 

substituted cycloalkyl, lower alkenyl, substituted lower 

alkenyl, lower alkynyl, substituted lower alkynyl, phenyl 

lower alkyl, phenyl lower alkenyl and phenyl lower alkynyl 

and R2 is hydrogen or -Q-I^s where R3 is lower alkyl and the 

O 

acid addition salts thereof. 
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According to another aspect of this invention there 
is provided a method of controlling psychoses by adminis- 
tering a therapeutically effective amount of (-)N-{2- 
chloroethyDnorapomorphine, or the HCl addition salt thereof, 
to a patient in need of such treatment. 

/ • 
According to another aspect of this invention there 

is provided a method of inducing emesis by administering a 
therapeutically effective amount of a compound of the formula 




wherein Ri is lower alkyl, substituted lower alkyl, 
cycloalkyl, substituted cycloalkyl, lower alkenyl, substi- 
tuted lower alkenyl, lower alkynyl, substituted lower 
alky nyl, phenyl lower alkyl, phenyl. lower alkenyl and. phenyl" 

lower alkynyl and R2 is hydrogen or -^-^3 wherein 

O ... 
R3 is lower alkyl, R4 is hydrogen or R2O and the acid 

addition salts thereof to a patient requiring such 

treatment, with the proviso that where R4 is hydrogen, 

Rj is not 2-chloroethyl . 

For a fuller understanding; of the nature and objects of 

this invention, reference should be had to the following detailed 
description taken in connection .with the . accompanying drawings 
in which 



Fig. 1 is a plot illustrating the ability of (-) N- (2-chlorQ- 
ethyDnorapomorphine.HCl at two different dosage levels to 
inhibit circling in aporaorphine-challenged mice; 

Fig. 2 illustrates the effect on rat circling, .of . .intxa-.. 
striatal injections of (-)N-.( 2-chloroethyl) norapomorphine .HCl 
prior to treatment with apomorphine; 
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Fig, 5 is a plot illustrating the ability of {9-c^fi>ror 
ethyDnorapomorphine.HCl at different dosage levels to inhibit 
climbing in aisomorphine-challenged mice; / 

Fig. 4 is a series of bar graphs illustrating the -in vivo 
effect of the intrastriatal binding of (N) - (2-chloroethyl) - 
norapomorphine.HCl on the subsequent binding of H-N-n-propyl- 
norapomorphine; 

Fig. 5 is a series of. bar graphs illustrating the in vitro 
effect of the intrastriatal binding of (N) -.(2-chloroethyl) -nor- 
apomorphine on the subsequent binding of H-N-n-propylnorapomorphine 
alone or in the presence of other blocking agents; 

Fig. 6 is a series of plots illustrating .the ability of four 
different apomorphine-type compounds to reduce the specific binding 
of ^H-N-n-propylnorapomorphine in rat striatal homogenate; and 

Fig. 7 illustrates, in plots, the effect of washing on the 
binding of (-) N- (2-chloroethyl) norapomorphine .HCl to rat 
striatal homogenate. 

Fig. 8 is an illustrative route for the preparation of 
the N-substituted norapomorphines of the present invention. 

An exemplary reaction scheme for synthesizing 

(_)N-chloroethyl)-10,ll-dihydroxynoraporphine.HCl (NCA) , the 
prefered form of the neuroleptic drugs of this invention, 
will now be described. This synthesis begins with the N-de- 

methylation of codeine to norcodeine, such as by the methods 
described by M. M. Abdel-Monem and P- S. Portoghese ( J. Med. . 
Chem: 15, 208 (1972)) or by K. Rice ( J. Org. Chem ; £0, 1850 
(1975)). Subsequent N-alkylation of the norcodeine with bromo- 
ethanol is follov/ed by the rearrangement of the resulting N-^ 
hydroxye thy Inor codeine with methanesulf onic acid to give the 

N-hydroxyethylnorapocodeine, using the procedure of F. E. 
Granchelli, C. N. Filer, A. H. Soloway and J. L. Neumeyer 
( J. Org. Chem : in press (1980))- Treatment of the N-hydroxy- 
ethylnorapocodeine vjith 4 8% hydrogen bromide at 120-135 °C under 
nitrogen for at least" 2 hours effects dealkylation to form 
N-hydroxyethylnorapomorphine hydrobromide which is then converted 
to the hydrogen chloride salt by neutralization of the reaction 
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mixture with airnnonixam hydroxide, followed by extraction and 
then treatment of the resulting free base with ethereal HCl* 

Finally, treatment of this acid addition salt with thionyl 
chloride and acetonitrile at room temperature yields the 
desired (-) N-chl6roethyl) -la/l'l-idihydroxynbraporphl after 
neutralization of . the evaporated reaction mixture with ammonium 
hydroxide. The hydrogen chloride salt is prepared from an 
ethereal HCl extract, mp 173-178 ^'C. 

NMR and UV spectra as well as elemental analysis are 
used to establish the structure of the compound. NMR of the 
free base (MeOH-d^) 6 2 . 33-4 . 40 ' (broad signals, 13, H at C-4, 

C-5, C-6a, C-7, NCH2CH2CI and phenolic OH) 6.53-7.40 (m, 4, 
arom.atic) , 8.1-8.37 (dd, 1, aromatic H at C-1) ; MS, m/e 315 

28 

(m"^) , 266 (base); UV^^^ (EtOH) 275 ran, (log e , 4 . 169) ; [a ] ^^^^ 
- 35** . Anal. Calcd f or Cj^gH23N02Cl (MW 336. 82 ) :C, 55.68; 

K., 5.97; N, 3.60. Found: Cr 55.96; H, 5.34; N, 3.59. 

Using well-known techniques the free base and acid addi-^ 
tion salts may thus be converted from one form to the other 
and .one acid addition salt may be converted to another by re- 
generating the free base form and acidifying it. 

Another of the N-substituted noraporphines of this invention 
may be prepared from the readily available opium alkaloid thebaine 
by the synthesis scheme illustrated in Figure 8. 

In this synthesis scheme, thebaine is N-den\ethylated to 
northebaine using diethylazodicarboxylate according to the 
method disclosed in British Patent 1,124,441 (August 21, 1968). 
The rearrangement of the northebaine to normorphothebaine is 
accomplished with concentrated HCl in a sealed pressure bottle 
on a steam bath for 2.5 hours according to a published procedure 
(F. E. Granchelli, A. H. Soloway, J. L. Neumeyer and C. N. 
Filer, J. Org. Chem ; 42^^, " 2014 (1977).) Formation of the N- 
R^-normorphothebaine.HCl is carried out in the presence of an 
acid acceptor -(e.g., Na2C02 or NaHCO^) using the appropriate 
iodide or R^^ bromide in a suitable solvent system at about 
100 under nitrogen for 16 to 24 hours: After isolation and 
purification of the product N-Rj^-normorphothebainer . it is 
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heated with 48% HBr at 130-135-C unoer nitrogen for three to 
Lur hours to for™ the HBr acid addition salt of the desxred 
H-R -2,10,11-trihydroxynoraporphine. Neutralization of the 
acid addition salt with NH.OH forms the free base wh.ch then 
■nay, if required, be converted to the BCl salt by treatment 

with ethereal BCl. i„„.r - 

The ester derivatives wherein is -C-H3 and R3 xs lower 

al)-yl are conveniently prepared by reactins the appropriate 
H-R,-2,10,Xl-trihydroxynoraporphine.EBr or free base wxth 
an appropriate acyl halide to give the substituted trxacyl 
noraporphine. 

Appropriate acid adaition salts are those derived from 
such diverse acids as formic acid, acetic acid, isobutyric 
acid, alpha-mercaptopropionic acid, malic acid, fxamaric acid, 
succinic acid, succinamic acid, tartaric acid, citric acid, 
lactic acid, benzoic acid; 4-methoxybenzoic acid, phthalic 
acid, anthranilic acid, 1-naphthalenecarboxy lie " acid , cinnamic 
acid, cyclohexanecarboxylic acid, mandelic acid, tropic acid, 
crotonic acid, acetylene dicarboxylic acid, sorbic acid, 2- 
furancarboxylic acid, cholic acid, pyrenecarboxylic acid, 
2-pyridinecarboxylic acid, 3-indoleacetic acid, quinic acid, 
sulfamic acid, methanesulf onic acid, isethionic acid, benzene- 
sulfonic acid, p-toluenesulf onic acid, benzenesulf inic acid, 
butylarsonic acid, diethylphosphinic acid, p-aminophenylarsinic 
acid, phenylstibnic acid, phenylphosphinous acid, methylphos- 
phinic acid, phenylphosphinic acid, hydrofluoric acid, hydro- 
chloric acid, hydrobromic acid, hydriodic acid, perchloric 
acid, nitric acid, sulfuric acid, phosphoric acid, hydrocyanic 
acid, phosphotungstic acid, inolybdic acid, phosphomolybdic 
"acid, pyrophosphoric acid, arsenic acid, picric acid, picrolonic 
acid, barbituric acid, boron trifluoride, and the like. 

AS used herein, the term "lower-alkyl" means saturated 
monovalent aliphatic radicals, including straight and branched- 
chain radicals, of from one to six carbon atoms, as illustrated 
by, but not limited to methyl," ethyl, propyl, isopropyl, butyl, 
sec. -butyl, amyl, or hexyl. 
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As used herein, the term "lower-alkenyl" means monovalent, 
aliphatic radicals of from three to seven carbon atoms which 
contain 9t least one doxable bond, and are either straight 
or branched-chain, as illustrated by, but not limited to 
1- (2-propenyl) , 1- (3-methyl-2-propenyl) , 1- (1, 3 -dimethyl- 2- 
propenyl) , or 1- (2-hexenyl) . 

As used herein, the " term "lower-alkynyl" means mono- 
valent, alphatic radicals of from three to seven carbon atoms 
V7hich contain at least one triple bond, and are either straight 
or branched, as illustrated by, but not limited to 1- {2-propynyl) , 
l^(l-methyl-2propynyl) , or 1- (2-heptynl) . 

As used herein, the term "substituted" is intended to 
mean those lower alkyl, cycloalkyl, alkenyl and alkynyl groups 
bearing substituents such selected from the group lower alkyl, 
lower alkoxy, nitro, lower-alkylmercapto., methylenedioxy , . halo 
and trif luoromethyl with the proviso that in the case of halo 
substituted lower alkyl such is the .group 2-chloroethyl . 

AS used herein, the term "cycloalkyl" means cyclic, 
saturated aliphatic radicals of from-three to eight ring carbon 
atoms, as illustrated by, but not limited to cyclopropyl, 
cyclobutyl, 2-methylcyclobutyl, cyclohexyl, 4-roethylcyclohexyl, 
or cyclooctyl. 

AS used herein, the terms "pheny 1-lower -alkyl, " "phenyl- 
lower-alkenyl," and "phenyl-lower-alkynyl" mean monovalent 
radicals consisting of a phenyl nucleus bonded to the rest of 
the molecule through, respectively, a divalent lower-alkylene 
radical of from one to four carbon atoms, as illustrated by, 
but not limited to methylene, 1 , 1-ethylene., 1 , 2-ethylene, 1,3- 
propylene, 1 , 2-propylene , or 1 , 4-butylene ; or through a divalent 
lower-alkynylene radical of from two to four carbon atoms, 
as illustrated by, but not limited to 1 , 2-ethynylene, 1,3- 
propynylene, 1,3- (butynylene) , and the like. Moreover the 
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benzene ring of such phenyl-lower-alkyl, phenyl-lower- 
alkenyl, and phenyl-lower-alkynyl radicals can be substituted 
by one or more substituents selected from the group consisting 
oC lower-alky 1, lower-alkoxy , halo(chloro, bromo, iodo, or 
fluoro), nitro, lower-alky Imercapto, methylenedidxy , and tri- 
f luoromethyl ♦ 



The following examples of the preparation of examplary 
compounds, which are meant to be illustrative and not limiting, 
are provided as a further description of the invention. 



Examples 1-4 

Normorphothebaine hydrochloride was prepared from the- • 
baine using the synthesis scheme outlined above and according 
to the teaching of British Patent 1,124,441 and Granchellx 
et al. Four N-substituted normorphothebaines were then made 
using the halides and solvent systems detailed below in 
Table 1. 
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Preparation of Four N-Substituted Normgrphothebaines 



Example No« 




N-Siibstituent 
R, 



halide 



ethyl 



n-propyl 



allyl 
-CH2CH=CH2 



CH2=CHCH2Br 



propargyl 
-CH2C=CH 



CH=CCH2Br 



solvent system 5%CH30H 5%CH30H • 3%CH30H .CH30H:Et2Q: 



in CHCl^ in CHCl, 



in CHCI3 C«C^3 (3:32:65) 



values* 



Yield, % 
Form 

M.P., 



0.19 



0-24 



65 51 
HCl salt HCl salt 

209-211 214-216 



0.30 

54 

HCl salt 
204-206 



0.34 
75 

free base 
175-176 



* (5% CH3OH in CHCI3) 

In these syntheses k mixture of 5- 10 grams (0.016 mole) 
of the normorphothebaine hydrochloride, 5.0 grams (0.06 mole) 
of NaHC03, 0.02 mole of the R^ halide in 130 milliliters 
of acetonitrile was heated at lOO^C under nitrogen for 16 hours. 
In Examples 3 and 4 where £he halide was a. bromide, 0.014 
mole of potassium iodide was added to the mixture with the 

bromide. The resulting reaction mixture was cooled and 
filtered, and the filtrate was evaporated to a residue. 
The residue was then treated with 100 milliliters of 
chloroform and filtered. The filtrate, concentrated 
to about 5 milliliters solution, was then chromatographed 
on silica gel (1:30) packed and eluted vrith a mixed solvent 
[5% CH3OK in CHCI3) to give the desired compound in a yield 
and with a melting point given in Table 1. 
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Examples 5-7 

separate mi.t,^es of 1. 8 ^oles of th. K-eth,X- «-n- 
propyl- a.a N-allylnpr™orphothebai*>es of Examples 1-3, r.sp.c 

UL with 18 n,illlliters of 4 8%. HBr vera heateS at 130 
tively, witn X hours ; The reaction 

to 135°C under nitrogen for three to lour a 
fixtures vera cooled and then evaporated to a dry re.xdue 

The residues were recrystalli.ed fron, methanol/ 
ethyl ether to give off-white solids in the yields and v.th 
the ..elting points given below in Table 2.^ 

Table 2 

N-sabs.titutea-2,10,ll-Trihydroxynora;poI.hine HBr's 

Example 13o> 




Item 



N-substituent 



Yield, % 



M.P./ *C 



85 ■ ^° . 

238-241 203-206 208-210 

Example 8 

, -. -. ^ ^ 1 n ii-trihydroxynoraporphine hydrochloride . 
•-'"'-'""ro 1:30' L":o!s3 ^ole, Of the K-propargylno=™or 

■pboth^baine of Bxa^ple . in ^^^^^^^ ^^J^:^^ 
La evaf^rated in the same manner as cescrxbed for the prep 

» of Ex-moles 5-7 to give a dry residue (0.35 .gram) . 
txon of Examples 5 7 g^ ^ ^^^^^^ ^^^^^^ 

Further purification ot tne Firu^«-*ux 

the preparation of its triacetoxy derivative followed by 
subs!guent hydrolysis. The residue was diluted with 10 
milliliters of trifluoroacetic acid and added ^-P-" 
4.0 milliliters of acetyl bromide to form a complete solution. 
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After the initial exothermic reaction subsided, the reaction 
mixture was heated at 90 •C under nitrogen for 2 hours and then 
evaporated to a residue. The residue was taken up with 50 
milliliters of chloroform, washed with 30 milliliters of 
3% NaHCO^/ brine, dried, and concentrated to approximately a 
2 milliliter solution. This solution was then chroma tographed 
on silica gel packed and eluted with chloroform/ethyl ether 
to give a pure product which showed of 0.32 (in chloroform) 
on TLC. The triacetoxi' derivative underwent alcoholysis 
after being treated with a mixture of 25 milliliters of absolute 
methanol and 12.5 milliliters of .ethereal HCl for 16 hours. 
The reaction mixture was evaporated to a residue which was 
recrystallized from methanol/ethyl ether to give an off-white 
solid (120 mg, 38%), mp 180-184'^C. TLC showed of 0.40 
in methanol/chlorof orm (1:6). 

In a manner similar to that detailed in Examples 1-4, 
the K-R^-normorphothebaines wherein is phenyl lower alkyl, 
phenyl lower alkenyl or phenyl lower alkynyl are advantageously 
prepared by reaction^ in the presence of an acid acceptor, 
of the normorphothebaine.HCl with an appropriate phenyl lower 
alkyl halide, phenyl lower alkenyl halide or phenyl lower 
alkynyl halide • • 

Example 9 

(-)N-n-Propyl-2, 10, 11-triacetoxynoraporphine hydrochloride 

hydrate. • 
A mixture of N-n-propyl-2 , 10 , 11-trihydroxynoraporphine. 

hydrobromide (1.16 grams, 0.0029 mole) prepared as in 
Example .6 and trif luoroacetic acid (10 milliliters) was added 
with acetyl bromide (5.0 milliliters) to result in complete 
solution. The reaction mixture was heated at 90^C, under 
nitrogen for four hours and evaporated to a viscous residue. 
The residue was taken up with 50 milliliters of chloroform 
and the resulting solution was washed with 3S KaHCO^ 
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(30 milliliters), brine, dried and evaporated to gxve.an . 
oily residue. This residue was chroma tographed on a sxlxca 
gel column packed and eluted with chloroform/ethyl ether (Irl) 
to give the pure desired product (.Rf=0 . 25 in chloroform) 

The hydrochloride salt vas prepared by dissolving the 
free base in 200 ir^lliliters of anhydrous ether 'and the 
solution was treated with an excess of ethereal HCl. 
Filtration of the mixture gave a white solid (1.09 grains, 80%) 
with m.p. 179-183«>C, and a structure confirmed by NMR and. 
infrared spectra. Ahal. Calcd. for C^sH^^NOg.HCl.l.SH^O 
(MW 500.97): C, 59.93; K, 6.23; N, 2.80. Found:.. C, 59-81; 
H, 6.34, H, 2.81. 

compounds of this invention have been, found to be v^ry^ 

T>r«^4.'?r- ^££icacv was measured m alert ciogs 
effective emeta.cs. Emetic erxicacy 

v,ith three p^ticulate (15 vm .pheres, ana th.ee .oX.Me mariners 

(phenol red theophylline ana tobran^cln) ln.txllea 5, 25 ana 

^.inutes before rapia intxaveneo^s inSecticn of the . 

Apo..orphine was used as a control emetic. Seas^ements .noluded 

tL interval to first emesis and recovery in the vomltus of 

the particulate and soluble markers;. _ . 

The (-)N-n-propyl-2,10,ll-trihyaroxynoraporphine.HBr ol 

Exan^le 6. made up in a solution of physiological saline or 
other suitable vehicle and administered in doses ranging 
between 0.005 and 1 mg/kg body weight,, produced emesis xn ^ 
. conscious dogs within two minutes of an intraveneous "3-"°"- 
Even at the high dosage level of 1 mg/Kg there was no evidence 
of cardiovascular, central nervous system or respiratory 

toKCity. At a dosage level of 0.1 mg/Kg ^^r'-'l-^-^^^^l 
2,10,11-trihydroxynorapomorphine.HBr was found to be 50 times 

more potent than apomorphine. The (-)t5-n-propyl-2, 10, 11- 
triacetox-ynoraporphlne.HCl of Example 9 was determined by 
the above-described testi to be 43 times more potent as an 

emetic than apomorphine. « ..k4>! 

It was also found that these two noraporphines of this 
invention were effective emetics when inhaled in solutions 
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in an appropriate solvent system or in powder form. 

Example ^ 0 

(-) N- (2-hydroxyethyl) norapomorphine . HBr . 

A mixture of N-hydroxyethylnorapocodeine (2.51 grains, 
8.06 mmole), prepared by the synthesis route described above, 
and 50 milliliters of 4 8% HBr was heated at 130 •C under nitro- 
gen for four hours. The reaction mixture was cooled and then 
evaporated to a dry residue in vacuo. The resulting residue 
was recrystallized from methanol/ethyl ether to give an oft- 
white solid (2.21 grams, 72%), mp 235 - 238-C. TLC (precoated 
silica gel on polyethylene terephthalate foil) showed Rf of 
C.24 in ethanol/chloroform 1/S vol\ame) . 

Example 1 1 
( - ) N- ( 2-chloroethy 1) norapomorphine .HCl . 
1.0 milliliter of.thionyl chloride was added drcpwise 
to a mixture of (-) N- (2 -hydroxye thy 1) norapomorphine (0.50 gram 
free base, 1.7 mmole) in 10 milliliters of dry acetonitrile . 
The resulting solution was stirred at room temperature for 
24 hours, evaporated to a residue in vacuo, diluted with 25 
milliliters of water, neutralized with ammonium hydroxide • 
and extracted with chloroform (3 X 25 milliliters). The 
combined extracts were dried- (NajSO^) and evaporated to a 
residue which was triturated with 50 milliliters of ethyl 
ether. The ethereal filtrate was treated with excess ethereal 
HCl to give a light green solid (0.38 graiP., 64%), mp 173-178'» 
dec. TLC showed of 0.23 in ethyl acetate. 

The (-)N-(2-chloroethyl)norapomorphine-HCl of Example 
2 may be converted to the ester form wherein Rj is -g*^3 
by heating with the appropriate R3COci.' Thus diacetyl 
(-)N-(2-chloroethyl) apomorphine may be formed by heating 
(-) N-(2-chloroethyl) norapomorphine. HCl with acetyl chloride. 

Apomorphine- induced behavioral characteristics in the ro- 
dent are considered to involve dopamine agonist action on stri- 
atal and mesolimbic dopamine receptors. Therefore, the ability 
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Of -a drug to inhibit such apomorphine- induced behavior is 
considered a measure of the effectiveness of the drug to 
antagonize dopamine receptors and hence a measure of its 
dopaminergic activity. Among such induced behavioral 
characteristics are circling, climbing and stereotypy. 

The observed ability of the N-substituted haloalkyl norapo- 
morphines of this invention to inhibit striatal and possxbly 
mesolimbic dopamine function over a period of days in contrast 
to a few hours for the pheno thiamines and butyrophenones sug- 
gests that they bind irreversibly to the. receptor rather than 
provide a temporary blocking action. Biochemical -assays, re- 
ported below, show that- the compounds of . this invention are 
able to inhibit ^H-NPA (^H-N-n-propylnor apomorphine) bxndxng 
to rat striatal tissue. It is submitted that sUch inhibition 
is the result of the binding of the N-substituted haloalkyl 
norapomorphines to the dopamine receptor. 

Male albino mice in the weight range of 35-40 grams were 
used in the determination of circling behavior. The mice were 
prepared for circling experiments using standard stereotaxic 
techniques to place unilateral electrolesions in the rxght 
caudate-putamen (1.0 mm anterior to bregma, 2.0 mm lateral 
and .3.5 mm below the skull surface, 1.5 mA/15 s) . 
days after the surgery the mice were ohallenged with 0.5 mg/kg 
apomorphine administered subcutaneous ly. Those mice cxrclxng 
less than -6 revolutions every 2 minutes vere excluded from 
subsequent studies. Circling behavior was dose-dependent, 
0.25-1 mg/kg apomorphine causing from 2-10 revolutions every 
12 minutes. A doseage of 0.5 mg/kg apomorphine was selec- 
ted for use in the drug interaction studies described. At 
this dosage level of s(;^cutaneously administered apomorphxne, 
the test animals circled from 6 to 8 revolutions/2 minutes. 

The unilateral striatectomized mice antagonized by 
apomorphine were then given, by subcutaneous injection, 
doses of 1.0, 2.0 or 4.0 mg/kg of the (-)N- (2-chloro- 
ethyDnorapomorphine-HCl prepared in Example 2 and made 
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up in a N/N-dimethylformamide/vater solution. Circling 
in an open field was observed to determine the degree to which . 
the circling was inhibited 4 hours and 2, 5 and 7 days after 
administration. At the lowest dosage level of 1.0 mg/kg, 
essentially no inhibition was noted? but as shown xn the 
plots of Pig. 1, at the higher dosage levels, the reduction 
in circling was still apparent after 2 days and at the .highest 
dosage level it was as much as 39% after 5 days. Thus these 
data Clearly show that ipsilateral circling behavior induced 
in unilateral striatectomized mice by apomorphine, one of the 
„.ost valuable models for indicating change in striatal dopamine 
function, could be abolished by the peripheral administration 
of the (-)N-(2-chloroethyl)norappmorphine.HCl presumably by 
an action on striatal dopamine receptors in the -intact" 
hemisphere • 

A further behavioral model utilized rats (male, Sprague- 
Dawley, 300 + 25 9). The (2-=hlorcethyl) norapomorphxne .HCl 

was inject=a"unilaterally. into the striatum of the rat and then 
It was determined »hether a -dopamine bloCcade" had been achieved 
by s-ibsequently challenging with apomorphine and measuring^ 
any circling induced. Bilateral guide cannulae were chronically 
implanted in the rats, using standard stereotaxic techniques, 
to allow drug/vehicle injection at the center . of the caudate- 
putamen complex (Ant. 8.0, Lat. +3.0, Vert. +1.5, De Groot, 
1959). Fourteen days after cannulation, the animals were 
manually restrained and the drug in a solvent vehicle was 
injected in a volume of 4 ^liters (1 pliter/tain) into the r.ght 
Ld left striata, respectively. The 4 pliter contained dosages 
of 10 ug or 40 pg of the drug. Any body asymmetry or cxrcl.ng 
movements resulti^ng from the intracerebral injections were 
noted, and subsequently any circling behaviour <-easured rn 
an open field as revolutions/minute) to challenge wxth 0.5 
mg/kg subcutaneously administered apomorphine was ""^""^ 
on the second, fifth, seventh and fourteenth day= following 
intrastriatal administration. 
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The unilateral injection of 10 and 40 yg of the (-)N-(2-- 
•chloroethyDnoraFomorphine.HCl into the caudate-putamen induced- 
ipsilateral asymmetry /circling movements within an hour of • 
administration. The resting asymmetry was particularly evident 
when the animals were disturbed and was also noted two and 
five days after the injection of the (-) N- (2-chloroethyl) 
norapomorphine. By the seventh day the ipsilateral asymmetry 
was variable and was not apparent by the fourteenth day. 
The subcutaneous administration of apomorphine (0.5 mg/kg) 
•enhanced the ipsilateral asymmetry and precipitated a clear 
circling behavior at the 40 pg dose of the drug four hours 
and two days, and to a lesser extent 5 days after its adminxs- 

tration as shown in Fig . 2 . • . ^ 

.Thus it appears logical to conclude that the intrastriatal 
in jection of the (-) n- {2-chloroethyl) norapomorphine in the 
rat caused a blockade of dopamine receptors at the site of 
injection since, if the injection was made into one hemisphere 
only, peripherally administered apomorphine caused rats to 
circle ipsilaterally to that side, which would again indicate 
a limitation of action to the "intact" hemisphere. Again, as 
in the circling experiments with the mice, it was apparent that 
the dopamine inhibitory actions of the drug endured for 2 to 
4 days. The recovery of the behavioral response possxbly 
reflects the resynthesis of dopamine receptors. 

Climbing behavior was measured by placing mice in indivxaual 
cages (20 x 15 x 15 cm.) lined with wire mesh. A "climbing 
index", i.e., the percentage of time spent climbing durxng 
the 30.minute period following the first climb, was determxned. 
Previous experience had indicated that this climbing index as 
reduced by dbpamine antagonists except where the interacting 
drug causes a nonspecific sedation or muscular hypotonia. 
Apomorphine administered subcutaneous ly at a dosage level of 
1 mg/kg caused intense and consistent climbing and provided a 
basis for the assessment of the effects of potential antagonists 
At this dosage the climbing index was approximately 60% which 
served as a basis for this assessment. 
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In the climbing tests, the mice were • pretreated with the 
drug to be evaluated as a dopamine atagonist by giving them 
intraperitoneal injections of 1, 10 or 20 mg/kg doses of the 
drug and then subjecting them to a subcutaneous injection of 
1.0 mg/kg dose of apomorphine one hour, two days, 5 days or 
7 days after the ■ injection of the drug. Taking a climbing 
index of 60% for apomorphine, it was found that (-)N (2-chloro- 
ethyDnorapomorphine.HCl (NCA) reduced this index when given in 
10 mg/kg doses , and greatly reduced it when given in 20 mg/kg 
doses. This effect was noted up to between four and five days 
after administration of the NCA. Responses to the apomorphine 
approached control levels five days after the pretreatment . At- 
tempts to overcome the inhibition observed; four hours to two day 
after administration of (-)n- (2"=^chloroethyl) norapomorphine .HCl 
by increasing the dose of apomorphine were made impractical by 
the development of stereotyped biting at the larger doses, which 
reduced the climbing response per s'e. 

In contrast to this ability of the (-) N- {2-chloroethyl) - 
norapomorphine to materially reduce the climbing index, four'- 
hour pretreatments with (-) N- (2-chloroethyl ) norapocodiene .HCl 
or 6 - 1 2-b i s ( 2 -chlor oe thyl ) amino ] a ce ty 1 -1 1 - ace toxy- 2 -hydroxy- 
10-methoxy-apoporphine hemihydrate or 90-minute pretreatment 
with (-)K-(2-hydroxy ethyl) norapomorphine. HCl, each given as 
10 mg/kg subcutaneous injections, failed to modify apomorphine 
climbing. 

Pretreatments with any of these drugs including NCA in 
doses of 10 mg/kg prior to apomorphine injections of 1 mg/kg 
failed to modify the submaximal stereotypic effect (repetitive 
sniffing, periodic biting and continuous biting) of the apomor- 
phine. 

In addition to the in vivo testing of the (-) N- (2-chloro- 
ethyl) norapomorphine . HCl, in vitro evaluations were made to 
determine the extent to which this drug could inhibit the ac- 
tivation of adenylate cyclase to stimulate the production of 
cyclic adenosine monophosphate (cAMP) in rat striatal homo- 
genates. (-) N- (2-chloroethyl) norapomorphine -HCl (NCA) at 
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three levels (10, 30 and IS ymoles) was incubated for 10 
minutes at 37 "C with homogenates of rat corpus striatum in 
a physiologic buffer and then. washed free of the drug. Washed ^ 
tissue, including one specimen without NCA as a control, was 
then incubated with zero or 50 UM of dopamine in the presence 
of an excess of adeno'sine triphosphate for 2.5 minutes at 37" 
and the level of cyclic . adenos ine monophosphate in the incuba- 
tion mixture with and without dopamine was. assayed by a pro- 
tein binding method. The increase in cyclic adenosine mono- 
phosphate levels due to the dopamine was estimated for all 
conditions. The ability of the (-)N- (2-chloroethyl) norapomor- 
phine.HCl to inhibit the actuation of adenylate cyclase is 
shown in Table 1. 

Table 3 

Ability of (-)N-{2-chloroe.thyl)norapomorphine.HCl (NCA). 
TO Inhibit Activation of Dopamine- Sensitive 
Adenylate Cyclase in Rat Striatal Homogenates 

Stimulation of cAMP .. Inhibition of 



NCA 



Production (%) Adenylate Cyclase 



Production ««=x*jr^»*w- 

100 0 

84 16 

44 . . . 56 

8 92 



0 
10 
30 
75 



These effects of the (-)n- (2-chloroethyl) norapomorphine..HCl 
on the dopamine-sensitive adenylate cyclase are similar to 
those of phenoxybenza^ine, a alkylating drug previously found . 
to exert an irreversible blocking action of dopamine-sensxtxve 
adenylate cyclase. (See K. G. Walton, P. Liepmann and R. J. 
Baldessarini, Eur. J. Pharmacol. 52: .231 (1978).) 

The ability of the (-)N- (2-chloroethyl)norapomorphxne.KCl 
to serve as a dopaminergic agent over a prolonged period, 
i e , at least five days, leads to the postulation that this 
drug may bind chemically to the dopamine receptors rather than 
act as a blocking agent as do the phenathiazines , thioxanthenes 
and butyrophenones. This postulation was borne out by measuring 
the effect of the intrastriatal binding of the drug on the sub- 
sequent binding of ^H-N-n-propylnorapomorphine ( H-NPA) , a 
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known dopamine agonist, to the striatal tissue. 

In one set of experiments three types of striatal tissue 
were examined: (1) that taken from untreated rats as 'a control; 
(2) that taken from rats receiving 4 0 Wg of the NCA in 4 y liters 
of a solvent vehicle at a rate of 1 yliter /minute in the left 
hemisphere; and (3) that taken from the right hemisphere sub- 
jected to 4 y liters' ( 1 yliter /minute) of -the solvent vehicle. 
Animals were sacrificed on days 2, 7 and 14-16 days after the 
intrastriatal injection; and the striata were dissected out 
over ice and homogenized (100 vols, w/v) in 50 mM ice cold 
trihydroximiethyl amine. HCl buffer (pH 7-4 at 25 ^C) with a 
Polytron homogenizer. The homogenate v/as centrifuged twice 

<for LO minutes at 50,000 g) at 4*^0 with resuspension in fresh 
buffer. Pinal resuspension (100 vols w/v) was in trihydroxymethyl 
amine buffer (pR 7.4 at 37^C) containing 0.1% ascorbic^^ acid , 
12.5 yM nialamide and- 5 mM sodium etHylenediamine tetraacetate. 
Each assay tube contained 5 mg wet weight striatal tissue 
(equivalent to approximately 275 ygram protein, in a total voliome 
of 1.1 milliliter. After incubation (15 minutes at 37 ?C) with 
^H-NPA (61 Ci/m m.ol. New England Nuclear) , the samples were 
rapidly filtered under vacuum over T-Thatman GF/B filters and • 
rinsed rapidly with 2x5 milliliters ice cold trihydroxymethyl 
amine. HCl buffer; and the bound radioactivity was determined. 
Specific binding was defined as the difference between '^H-NPA 
binding in the absence and presence of 10 yM of .2-amino-6- 
7-dihydroxytetralin (a known * dopamine agonist) and under optimal 
conditions accounted for approximately 75% of ^H-NPA less 
than 2.0 nM, it was found that ^^H-NPA binding sites had a den- 
sity of approximately 180 fmol/mg protein. 

The results of these measurements of in vivo binding are 
given in Fig. 5/ from which it will be seen that the density 
of the ^H-NPA binding sites v;as essentially reduced to one-half 
two days after injection of the NCA. Thus these data indicate 
intrastriatal NCA can significantly reduce "^H-NPA binding and 
that this biochemical change follows the behavioral effects 
which essentially reflected "striatectomy " by NCA. Thus, on 
day 2, when animals showed not only an active ipsilateral 
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circling when challenged with apomorphine but also exhibited 
a resting ipsilateral asymmetry (each identical to effects one 
would expect from striatectomy or striatal dopamine receptor 
blockade) the number of binding sites for the dopamine agonist 
^H-NPA was reduced by approximately 50%. As the behavioral 
effects of KCA disappeared on days 7 and 14, so the number of 
sites available for the binding of ^H-NPA returned to control 
values . That the reduction in H-NPA binding reflects a change 
in receptor numbers rather than a .change, in affinity for the 
receptor sites is indicated by the constancy of values (0.88 
- 1.12 nM) for the inhibition constant, Kj^, for binding to • 
striatal tissue both from control animals and those treated 
for various times with NCA. 

The ability of (-) N-.(2-chlof oethyl) nprapomorphine.HCl 
(NCA) to inhibit the binding of ^H-NPA was further established 
in in vitro experiments which facilitated an examination of the 
doses and conditions under which. NCA coUlLd inhibit dopamine mech-^ 
anisms. Incubation tubes, containing rat striatal homogenate 
were preincubated f or 2.5 minutes at 37*»e with NCA at five con- 
centrations (3 X 10"^ to 3 X 10-'^ M) ,-: w?.th .2-amiIt>6,7-dihydroxyte- 
tralin (ADTN) with ADTN and KCA (3 x 10 ^ M) ; with propranolol 
(1 X 10""^ M) and NCA (3 x 10~^ M) prior to the addition of 
0.5 nM ^H-NPA for incubation at 37° C for 15 minutes . Membranes 
were collected by filtration and measxarements were made using 
the same technique described above. The data obtained in terms 
of percent of ^H-NPA binding are plotted in Fig. 4- From these 
data it will be seen that NCA at 1.8 x 10^ M caused a 50% 
inhibition of ^H-NPA binding. Moreover, this inhibition v/as 
. also, apparent in the presence of high concentrations of phentol- 
amine (an a-blocking agent) and propranolol (a B-blocking agent 
which could be expected to hinder occupancy of other catechol- 
amine receptors by either ^H-NPA or NCA. Furthermore, the in- 
hibition of "specific" ^H-NPA binding by ADTN "could not be 
further increased by NCA, indicating that the ability of the 
NCA to prevent ^H-NPA binding does not occur at "nonspecif ic**^ 
sites. Finally, the prevention of ^ H-NPA binding by NCA (10 M) 
was not reversed by repeated washing. 
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Using a similar technique and ip UM of ADTN to first assess 
the "specific" binding of ^H-NPA to rat striatal hoinogenate, 
it was determined that the ^H-NPA bound to- the striatal mem- 
branes with an inhibition constant, K^, of 1.0 nM and ^^^^^^ of 
190 fmol/mg protein. With this base to work with, the abilities 
of four aporphine derivatives to prevent the specific binding 
of ^H-NPA were determined and the results are plotted in Fig. 
6. From this plot it will be seen that the NHA is a more potent 
binding agent at low concentrations than NCA. However, as will 
be seen from Fig. 7, when the incubated membranes with NCA 
(5 x.lO"S) or with NHA- CS x 10"^M) , both of which prevented 
the binding of Q.1'25 nM ^H-NPA, were washed, only the inhibi- 
tion provided by the NCA was not reversed. Thus it alone was 
capable of sustained binding to the rat striatal homogehate 
protein. 

The in vivo data show that the .(-) N- (2-chloroethvl) nor- 
apomorphine.HCl, when administered either peripherally or in- 
trastriatally; can effect behavioral changes indicative of 
changes at the receptor level associated with dopamine recep- 
tor blockade. The in vitro data further show that such in- 
hibition is" the result of binding to the receptor, a fact which 
may explain the prolonged action of the drug. These two prop- 
erties offer the possibility of providing an improved neuro- 
leptic drug.. 

It will thus be seen that the objects set forth above, 
. among those made apparent from the preceding description, are 
efficiently attained, and, since certain changes may be made • 
in carrying out the above methods and in the compounds set 
forth without departing from the scope of the invention, it 
is intended that all matter contained in the above description 
shall be interpreted as illustrative and not in a limiting 
sense. 



CLAIMS 



1. A compound of the formula 
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wherein Ri is lower alkyl, substituted lower alkyl, cyclo- 
alkyl, substituted cycloalkylr lower alkenyl, substituted 
phenyl lower alkenyl, lower alkynyl, substituted lower alkynl, 
phenyl lower alkyl , phenyl lower alkenyl and phenyl lower 
alkynyl, R2 is hydrogen or -^"^3 wherein R3 is lower alkyl, 

and the acid addition salts thereof with the proviso that ' * 
when R4 is hydrogen, Ri is 2--chloroethyl . 

2. A compound in accordance with claim \ wherein Ri is 
ethyl and said compound is (-)N-ethyl-2,10, 11-trihydroxynora- 
porphine . 

3. A compound in accordance with claim 1, wherein Ri is 
n-propyl and said compound is (-)N-n-propyl-2,10,ll-trihydroxy- 
noraporphine . 

4. A compound in accordance with claim 1, wherein R3 is 
methyl and said compound is (-) N-n-propyl-2, 10 , 11-tr iacetoxy- 
noraporphine . 

5. A compound in accordance with claim 1, wherein Ri is 
allyl and said compound is (-)N-allyl-2,10, 11-trihydroxynora- 
porphine. 
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6. A compound in accordance with claim 1^ wherein 

Rj is 2'-bromoallyl and said compound is N- (2' -bromallyl ) -2, 
1 0 , 1 1 -t r ihyd r oxy nor apor ph ine . 

7. A method of inducing emesis by administering 
a therapeutically effective amount of a compound of the 
formula 




wherein is lower alkyl^ substituted lower alkyl, cycloalkyl, 
substituted cycloalkyl, lower aLkenyl, substituted lower alkenylr 
lower alkynyl, substituted lower alkynl, phenyl lower alkyl , 
phenyl lower alkenyl and phenyl lower alkynyl, 'R2 is hydrogen 
or -g-R3 wherein R3* is lower alkyl and R4 is R2O and the acid 

O ' 
addition salts thereof ^ to a patient in need of such treatment. 



8. : A method in accordance with claim 7, wherein R^^ is 
n^propylf and the are hydrogen and said compound is (— )N-n- 
propyl-2^iO ^ll-trihydroxynoraporphine hydrobromide. 



9. 'A method in accordance v/ith claim 7$ wherein R^ " 
methyl and said compound is (-) N-n-propyl-2/ 10, 11-triacetoxy- 
noraporphine hydrochloride. 
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10. The compound according to claim 1 wherein Rl 
is lower alkyl, R2 is hydrogen, acyl, lower alkyl or 

R3 is lower alkyl, R4 is hydrogen or R2O, and the acid 
addition salts thereof, with the proviso that when R4 is 
hydrogen Ri is 2-chloroethyl . 

11. A compound according to claim 10 that is 
(-)N- (2-chloroethyl) nor apomorphine. 

12. A method for controlling psychosis by administer- 
ing a therapeutically effective amount of the compound of 
claim 11. 
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